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Journal of the Science of Food and Agriculture, 32, 

having good heat-stability, was prepared by using an 
FIELD OF THE INVEKTION 5 egg yolk treated with Ph<>sphoMp^e A (PL-A)^ 

rii^^^ , In this case, the enzyme used was obtained from por- 

The present invention relates to processes for modify- pancrease. 
ing the properties of egg yolk for use in foodstuffs. ^ g 4,034,124 discloses that oil-in-water 

RArKGROUND OF THE INVENTION emulsions having improved heat-stability can be pre- 

BACKGROUNU uf irttiiN c „ ^ 10 pared when a phosphoUpo-protem which has been 

Egg yolk is used in the preparation of foodstuffs by modified by the action of PL- A is incorporated dunng 
virtue of its excellent properties such as emulsification ^^^^ emulsion preparation. This patent also 

and heat-gelation discloses that phospholipascs other than PL-A do not 

It was known that the functional properties of egg ^^^^^ desired characteristics of the patented 

yolk for use in the preparation of foodstuffs depend product. A suitable source of PL-A for this patent is 
particularly upon lipoprotein which is a higher struc- pancreatin which is preferably heat-treated, preferably 
ture containing about 15% w/w of proteins and 10% ^^jer acidic conditions. 

w/w of phospholipids. Phosphatidyl choline (PC) and jj jj^j, hitherto been difficult to obtain whole 

phosphatidyl ethanolamine (PE) are known to be preya- y^y^ which exhibits both excellent heat- 

lent in the phospholipids of egg yolk; the following ^ geUtion properties and emulsifying properties, by the 
Table 1 indicates typical phospholipids present in hen ^ p^.^ pj^n, origin. Also whole egg or egg yolk 
egg yolk: prepared by the use of PL-A exhibits decreased heat- 

TABLE 1 gelation properties. 

— — ..^ - The provision of egg yolks having improved proper- 

p!;«^l;i!idvi«i^o^ea'E) 25 tj„, for example, heat-gelation ability such as gel 

Sptogomyeiin " i ' Strength and emulsifying properties, which are particu- 

Ly5opho8phatidyi choline ^9 j^riy advanUgeous for use in the preparation of certam 

(sourcti Food chemKal, Vol. 1. No. 7, p«gc 76. 1985) foodstuffs, has continuously been desired. 

It is also known to modify the properties of egg yolk 30 
by treatment with a phospholipase. For example, JP-A- 

84785/76 corresponding to U.S. Pat. No. 4,034,124 xhe present invention is based upon the discovery 

discloses an emulsion conUining a phospholipoprotein that properties of egg yolk or whole egg may unexpect- 

which has been modified by the actioft phospholipase A edly be modified by treating with a PL-D of microor- 

(PL-A), which is prepared by a process comprising 35 ganism origin. 

subjecting a phospholipoprotein to the action of PL-A The present invention is directed to provide a process 

at a temperature of 60*-90" C to give a specified ratio of for modifying the properties of egg yolk for use in the 

conversion. In this case, the material containing phos- preparation of foodstuffs. 

pholipoprotein is preferably whole egg or egg yolk. According to one feature of the present mvention. 

The resultant emulsions exhibit increased heat-stabUity. 40 there is provided a process for modifying the propertiM 

This patent also describes the use of phospholipase D of egg yolk, particularly for use in foodstuffs which 

(PL-D) commercially available from Sigma, U.S.A. It comprises treating egg yolk with an effective amount of 

appears' that the particular mentioned PL-D does not phospholipase D derived from a microorganism, 

originate from a microorganism but is of plant origin, thereby to convert phospholipids contamed m said egg 

since no PL-D originating from microorganism (for 45 yolk into phosphatidic acid. 

instance, a microorganism of the genus Streptomyces) By this process of the present invention, it is possible 

was ever mentioned in the Sigma catalogues published to convert phosphohpids such as, for example, phospha- 

earlier than 1986. tidyl choUne (PC) and phosphatidyl ethanolamine (PE), 

Japanese Patent Publication 34937/72 discloses that the most important functional factors present m egg 

the heat-coagulation of egg albumen and yolk, con- 50 yolk into phosphatidic acid (PA) 

tained in foodstuffs which are prepared by processing According to another feature of the present mven- 

hens eegs, can be prevented by treating a solution of tion, we provide a process m which the egg yolk is 

whole egg or egg yolk with an enzyme at a pH of treated with an effective amount of phosphohpase A 

3.5-4.5 until the heat-coagulating properties disappear. (PL-A) in combination with or after the treatment of 

The enzymes which may be used are obtained from 55 the phospholipase , , u u . a- 

molds such as Aspergillus and Rhizopus. However the By the addition of PL-A, the resultant phosphatidic 

enzyme-treated egg is obviously not preferred for use in acid (PA) may further be converted mto lyso-phospha- 

the preparation of certain foodstuffs which require the tidic acid (LPA). 

heat-gelation properties. According to fiirther aspect of tte present mvention 
In JP-A-5 1853/83 corresponding to U.S. Pat No. 60 we provide a process wherem an effective amount of an 

4.478,866, lysophosphatidic acid (LPA) was disclosed edible compound having a hydroxy group is «dd«3 to 

as being particularly advantageous as an emulsifier for laid egg yolk either prior to or simultaneously with the 

use in farinaceous foodstuffs such as doughs and that phospholipase D and/or phospholipase A treatment^ 

such an emulsifier may be partly comprised of lyso- TTm further proce^allows . '^tlS^^^^^^ 
phosphatidic acid (LPA) which may be prepared by 65 pholipids may also be converted mto base<xchanged 

treating phospholipids with PL-D and PL-A. This pa- phosphohpids. „h«,„hatidic acid fPA^ 

tent diLloses the L of PL-D derived from plants bm It \m been observed tha^ ^'''^'^^^'^S^i^^ 

not the use of PL-D derived from microorganisms. lyso-phosphatidic acid (LPA) and base-exchanged 
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DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 
The present invention is further described hereinbe- 



phospholipids are capable of enhancing the desired 
properties of the egg yolk modified according to the 
present invention. 

The egg yolk modified according to the present m- ^ ' \, „ . 

vention dibits excellent properties, for example, 5 l^*^"^ f°"°^g ^P«^'^<^^''°"; , . 

Ugher heat-gelation and emulsification properties. The process steps accordmg to the present in 

On the contrary, it may be difficult to obtain the may be exemplified as follows: 

deSed resdts m^ly by the addition of PA and/or (1) In the case of using PL-D of ™;;g^^sm on- 

LPA to untreated egg yolk. gin; compounds of formnto (i) represent phosphohpids 
10 of egg yolk 



R_CO-0-CH2 (mature of PC and PE), wherein 

I R— CO is a fatty acid residue, 

R— CO— O— CH O X is choline or ethanolamine, and 




Phosphatidic acid (PA) Base-exchanged phospholipid A 



35 (2) In the case of using PL-D of microorganism origin 
and PL-A, the phospholipids of egg yolk are as de- 
scribed above for compounds of formula (i) 



R— CO-O-CH2 
R-CO-O-CH p 

(i) CH2— P-OX 




R— CO— O— CH2 
-CH 



— CO— O— CH2 

— CH O 

CHj— P— OY + 



CH2-P-0H 



R— CO— O— CH2 



CHj-P-O^ 



OH +R-COOH 



OH + R-COOH 
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R-CO-O-CH O R-CO-O-CH O 



With reference to the above-mentioned processes, it ^ , , , t • . »i„^.r„i fottv, 

is noted that the ester bond between the phosphoric sucrose, ethanol, glycerol, L-s«nne and glycerol fatty 
«:id portion and the base is hydrolyzed by the action of acid, from which base-exchanged phospholipids such as 
PL-Dderived from a microorganism to liberate a base phosphatidyl glucose, phosphatidyl fructose, Phosphati- 
and phosphatidic add (PA). dyl sorbitol, phosphatidyl sucrose phosphatidyl etha- 

In the case where as edible compound having a hy- 15 nol. phosphatidyl glycerol, phosphaudyl L-senne and 
droxy group (for example, glycerol) is used in combina- phosphatidyl glycerol fatty acid ester may be produced, 
tion with the enzyme, a transphosphatidylation reaction Examples of lyso-type base-exchanged phosphohpids 
occurs so that basewixchanged phospholipids are include lyso-phosphatidyl glucose lyso- phosphatidy 
formed by esterification coupling between the added fructose, lyso-phosphatidyl sorbitol, lyso-phosphatidy 
hydroxy group and the phosphoric acid portion of the 20 sucrose, lyso-phosphatidyl ethanol, lyso-phosphatidyl 
phospholipids. glycerol Md lyso-phosphatidyl L-scnne. 

In the case where PL-D derived from a microorgan- Egg yolk or whole egg modified by the process of the 
ism is used in combination with PL-A, the ester bond present invention may be used, for example, for the 
between the hydroxy at the a- or /3- position of, for preparation of foodstuffs which particularly require 
example, glycerol and fatty acid is hydrolyzed to form 25 improved heat-gelation properties such as higher gel 
iysophospholids strength and emulsifying properties, which mclude, for 

For the purpose of the present invention, it is possible example, meat-processed foodstuffs, sponge cakes, tarts, 
to use, for example, eggs of hens, ducks and quails, biscuits, cookies, ice creams, doughnuts, mayonnaises, 
although it is possible, if desired, to use concentrated dressings, egg sheets, crepes and the like, 
eggs, dried eggs and eggs treated with knowTi enzymes 30 The following non-limiting examples and references 
such as, for example, protease and lipase. Untreated egg Ulustrate the present invention, 
is preferably used. Untreated egg yolk or whole egg of EXAMPLE 1 

hens are used throughout the Examples of this specifica- 

On each occasion, a PL-D originating from a micro- 



The egg yolk may preferably be used in the form of 35 organism of the genus Streptomyces described in Refer- 

an aqueous solution and may contain egg white. ence 1 hereinafter (hereinafter referred to as PL-D Rl) 

Examples of a microorganism from which the PL-D or a PL-D derived from carrot descnbed m Reference 

for use in the present invention may be obtained, in- 2 hereinafter (hereinafter referred to as PL-D R2) was 

elude the enzymes originating from, for example, the added to an aqueous solution of egg yolk (500 ml; 70% 

genera Streptomyces, Bacillus, Aspergillus, Rhizopus, 40 w/v). The conversion ratio of phosphohpids mto PA by 

Mucor, Nocardiopsis, Brevibacterium, Micromonos- the action of enzyme PL-D (hereinafter referred to as 

pora, Nocardia, Actinomdura and Saccharomyces. conversion ratio) is shown in the following Table 2. 

Examples of PL-A which may be used for the pur- The solution was adjusted to a pH of 6.0 and a tem- 

pose of the present invention include the enzymes of perature of 50" C. for 4 hours to obtain the results 

animal origin such as, for example, the enzymes origi- 4J shown in Table 2. 

nating from the pancreas of pigs and cattle as well as the The activity of the enzyme was measured as follows: 

enzyme derived from microorganisms. 0.5 ml of 6% (w/v) aqueous solution of purified soya- 

The edible compound having a hydroxy group may bean lecithin was mixed with 0.5 ml of 50 mM tris— HCl 

be preferably added to egg yolk simultaneously with the buffered solution (pH 7.0). To the mixture was added an 

addition of the PL-D. 50 enzyme solution (0.01 ml) to carry out the reaction at a 

Examples of edible compounds which may be used temperature of 37* C. for 10 minutes. Then, the reaction 

for the purpose of the present invention include glu- was discontinued by adding an aqueous solution of 15% 

cose, fructose, sorbitol, sucrose, ethanol, glycerol, L- trichloroacetic acid (0.5 ml). Determiner ChE (com- 

serine and glycerol fatty acid ester. These compounds mercial product of Kyowa Medexs K.K., Japan) was 

may be used in the range of, for example, 1-20% (w/w) 55 used to measure the amount of the resultant choline tn 

on the basis of the amount of egg yolk. the solution. 

The egg yolk may e.g. be treated with the PL-D at a Separately, a similar measurement was effected for 

temperature of from 5* to 70° C. (preferably, 30*-60' control purpose by using the enzyme which had preyi- 

C.) and at a pH of from 2 to 9 (preferably, 4-8) for a ously been inactivated by heating. An enzymatic activ- 

period of from 1 minute to 20 hours (preferably, from 6 60 ity capable of Uberating 1 fimol/min. of choline was 

to 5 hours). The amount of the PL-D for use may be, for designated as 1 unit. 

example, from 0.5 to 1000 units (preferably 1-100 units) In order to determine the conversion ratio as defined 

per 1 g of combined PC-I- PE contained in the egg used. above, choline was quantitatively measured usmg De- 
lta the case of PL-A, the enzyme may be used in a simi- terminer ChE (reagent for measuring chohne-esterase; 

kr manner to the PL-D. 65 commercial product of Kyowa M«lex K.K.^pan). 

Preferred examples of edible compounds having a The conversion ratio of phosphatidyl choline (PC) mto 
hydroxy group which may be used for the purpose of phosphatidic acid (PA) by the action of the "izyme m 
the present invention include glucose, fructose, sorbitol, egg yolk as calculated on the basis of the amount of the 
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resultant choline. The conversion ratio of phosphatidyl gel. A creepmeter (Y ^aden RE.3305: commercial 

^anolamine (PE) present in the egg yolk by the action product of Yamaden K.K Japan) was used to measure 

of the enzyme was deemed as the same as the conver- the amount of load and the degree of deformation by 

sion ratio of PC present in the egg yolk. The phospho- insertion of a plunger having a diameter of 7 mm mto 

lipid composition was extracted from the solution by 5 the gel. 

using a solvent (chloroform/methanol, 2:1 v/v) under The results are shown in Table 5. 
acidic conditions and its presence was determined by TABLE 5 

thin layer chromatography using a silica gel plate 60, . — — 

Art. 5721, commercial product of Merck AG., West B^ayatas ei H 1; ot 

Germany. 10 PL-DRl io.i 355 6.4 

The conversion ratio (mol %) of phospholipids into PL-D R2 3.5 in 5.b 

PA'by the action of PL-D was expressed by (PA)/(PC- S : : 



+PE)XlOO. 

TABLE 2 



PUD Ri 6.25 51 It vvas observe that the gel strength of PL-D Rl- 

PL-nR2 6J5 0 treated product according to the present invention is far 

No"» „,^b tk t 1 ofPc + PE superior in comparison with other samples. It was also 

A".^rvTrlio'/™tio(^it)"'^bJu,'iSio^ ■ 20 noted that egg yolk having better gel-forming ability 

may be obtained by the process of the present invention. 
This table indicates that PL-D Rl is capable of con- it has been found that the improved results obtained 
verting phospholipids contained in lipoprotein of egg by the process of the present invention can not be ob- 
yolk, in comparison with PL-D R2. tained merely by adding to egg yolk a corresponding 

PXAMPI E 2 " phospholipid (phosphatidic acid) in the absence of any 

HAAMri^c i enzymatic treatment according to the present invention. 

A simUar procedure to that described in Example 1 -vax^oi c a 

was carried out by the use of 500 g of whole egg instead fcXAMFJ-t 4 

of an aqueous solution of egg yolk (70% w/v) to obuin Qn each occasion, to an aqueous solution of egg yolk 
the results shown in the following Table 3. 30 (500 ml; 70% w/v), PL-D Rl having the activity unit 

TABLE 3 (U) shown in the following Table 6 was added. The 

— ^^^2 v A solution was adjusted to a pH of 6.0 and was treated at 

'"'""'"^ — a temperature of 50' C. for 1-2 hours to obtain an aque- 

PLDR2 20 0 0 ous solution of yolk having the conversion ratio shown 

— ■ • — 35 in Table 6. Then the solution was treated in a same 

s^'r.bie 2. manner to that described in Example 3 to obtain gels 
having the physical properties as shown in Table 6, 
This table indicates that a similar result to the result TABLE 6 
described above is obtained by using a whole egg. „ — ~ 

40 A H L DE V 1 

EXAMPLE 3 I in ^ 

Either PL-D Rl (6.25 units) or PL-D R2 (20 units) '2 \ •» J] 

was added to an aqueous solution of egg yolk (70% ^ j jq, jq^j 

w/w). The solution was adjusted to a pH of 6.0 and 41 2 51 394 10.3 

heated at a temperature of 50° C. for 4 hours to obuin 45 53 2.75 510 10.3 

an aqueous solution of egg yolk treated with the en- nck. 

zyme. Separately, to an aqueous solution of egg yolk A-cc!>vm<on ratio (mo! %); 

(500 ml; 70% w/v) was added soyabean phosphatidic v-L^tm^i^ ' ' ' 

acid in an amount of 50 mol % on the basis of the total T-Retctioo time (hour) 
amount of PC and PE originally in the egg yolk. The 50 

mixture was treated in a similar manner to that de- This table suggests the gel-forming ability of egg yolk 

scribed above, without using the enzyme, to obtain a may be improved by increasing the conversion ratio of 

sample (Sample D). phospholipid of egg yolk (mol %). 
The results are shown in the following Table 4. EXAMPLE 5 

TABLE 4 



On each occasion, to an aqueous solution of egg yolk 

Enzyme used u A ^. ^^^^^ pj^ P 25 ^ mixture 

PL-D Rl 6.25 54 pL.p ^jh glycerol (10% v/v) was added. 

PL-DR2 200 ^ The solution was adjusted to a pH of 6.0 and treated at 

jj^j- — 60 a temperature 50° C. for 4 hours to obtain an aqueous 

s^Me 2 solution of yolk treated with the enzyme. The solution 

was then treated in a similar manner to that described in 
Then, on each occasion, the sample was put into a Example 3 to obtain a gel having the properties as 
casing having a diameter of 3 cam and heated at a tem- shown in Table 7. 
perature of 90* C. for 40 minutes to obtain a heat- 65 TABLE 7 

coagulated gel having a diameter of 3 cm and a heat of — 

3 cm. The stress required for the deformation of 5 mm Mimve h _ __ 

of the gel was measured to express the hardness of the pl-dri » » «o s.o 



PL-D Rl plus glycerol 
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The viscosity of the mayonnaise was indicated on the 

TABLE 7-continued j^^j^ hardness obtained by the measurement and 

^ H L DE i5 shown in the following Table 10. 

\l° TABLE 10 



PL-D Rl 6 5 2.7 

PL-D R2 2-2 

PL-A 



It was observed that a highly extendable gel having a ^. 

higEer breaking deformation was obtained by a com- v-HcUtive viiut tak:ui»i«i on uk bMis of -No aayme". 

bined use of glycerol and PL-D for treating an aqueous ^ . . ^ r 

solution of egg yolk, in comparison with the use only of These results suggest that, although the hardness of 

PL-D presumably because phosphohpid of lipoprotein 15 the emulsified product may be mcreased by the use ot 

may be converted into phosphatidyl glycerol which PL-A.jt is possible to increase the hardness further by 

also serves to enhance, for example, the strength and treatment with PL-D Rl above, accordmg to the pres- 

heat gelatin properties. ent invention. 

EXAMPLE 6 JO EXAMPLE 7 

On each occasion, one member selected from PL-D On each occasion, to 70% (w/v) aqueous solution 

Rl (7 units), PL-D R2 (20 units) and Lectitase (20 units: (500 ml) was added PL-D Rl to carry out the reaction 

this is a PL-A originating from the pancrease of pig; for 4 hours, followed by addition of PL-A to carry out 

commercial product of Novo Industry, Sweden) was the reaction for 4 hours. Then, glycerol was added to 

added to an aqueous solution of egg yolk (500 ml; 70% 25 each sample in an amount of 5.15% (w/w) for treating 

w/v). The mixture was adjusted to a pH of 6.0 and under the following conditions. 

treated at a temperature of 50° C. for 4 hours to obtain TA BLE 1 1 

-n »^yto^lsso\litio^ of^ym^■^f»led yolk. The results ph Temp . Ttoe oiy^rci 



•i-e shown in the following Table 8. — 

The term "No enzyme" used hereinafter denotes a 30 1 pL;D Rl {6.25 U) «.o so; C 

sample containing no enzyme. ^ PL.^ rj (j.jj u) 6.0 so' c. 

TABLES PL-A (20 U) 6.0 50- C. 



^ *o 0 " Each sample was used to prepare a mayonnaise in a 

pi_!a 0 9 1 similar manner to that described in Table 9. The proper- 

No enzyme 0 0 ties of the products were measured in a similar manner 

o that described in Example 6. 



by the «tion of PL-D; jj^e results are shown in the foUowing Table 12. 

bv the ictioii of FL-A. 40 

TABLE 12 



Determiner NEFA (reagent for quantitative determi- 

nation of free fatty acid; commercial product of Kyowa j — 

Medex K.K., Japan) was hereinafter used to determine 2 is'.i 5.1 

the conversion ratio obtained by PL-A added to egg 45 3 Jj ]£ 

yolk on the basis of the ratio of the total amount of PC 

and PE to the amount of fatty acid which was newly s« T*ie 10 

formed by the reaction. . . , ^ , . „ ^ 

Then, on each occasion, a mayonnaise was prepared This Uble mdicates that the hardness of the resultant 

using the above-mentioned yolk solution treated with $0 mayonnaise was increased by the use of enzyme-treated 

the enzymes, the ratios of the materials used being egg yolk comprising lyso-type base-exchanged translo- 

shown in the following Table 9. cation product. 

TABLE 9 EXAMPLE 8 

M»teri»l Amount (% w/w) jj pj^jj j 25 units) was added to 500 ml of an aque- 

Frying oH' 74,0 ous solution of egg yolk (70% w/v). The mixture was 

Table salt 15 treated in a similar manner to that described in Example 

A ""^ P?*"" \l 1 to obtain an aqueous solution of enzyme-treated yolk 

Wrter Ills having a conversion ratio of47.9mol% by the action of 

Yolk"' 7;5 fio PL-D Rl. 

^IZH; ~ ' By using the egg yolk solution, meat gels were pre- 

pared as follows. 

On each occasion, 30 g of an aqueous solution of 
enzyme-treated egg yolk, an aqueous solution of un- 
The resultant mayonnaise was kept at a temperature 65 treated egg yolk or water was mixed with a minced ham 
of 37- C. for one hour. Then a creepmeter was used to (150 g). After removal of air, each sample was put mto 
measure the stress by inserting a plunger having a diam- a casing and heated at a temp«ature of 70 C for 20 
eter of 4 cm into the product at a depth of 5 mm. minutes to obtain a meat gel. The amount of water (% 
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w/w, calculated on the basis of the weight of water 
before heating) liberated from the meat gel was mea- 
sured and shown in Table 11. 

TABLE 13 

Sample A (mol %) Water (% w/w) 



It was observed that the water-holding ability of the 
meat product was significantly improved by the use of 
an aqueous solution of enzyme-treated yolk according 
to the present invention. 

EXAMPLE 9 

An aqueous solution of egg yolk (500 ml; 70% w/v) ■ 
and PL-D Rl (4 units) was treated in the same manner 
as that described in Example 1 to obtain an aqueous 
solution of enzyme-treated egg yolk having a conver- 
sion ratio of 28 mol %. This solution was used to pre- 
pare meat gels in the following manner. 

On each occasion, sodium chloride (6 g), Polygon C 
(1 g; polymerized phosphate, commercial product of 
Chiyoda Kagaku Kogyosho, Japan), an aqueous solu- 
tion of sodium nitrite (30 g; 5%; 1 ml) and an aqueous 
solution (30 g) of egg yolk (enzyme-treated or un- 
treated) was added to minced ham (200 g). After re- 
moval of air, the mixture was put into a casing and 
heated at a temperature of 70° C. for 20 minutes to 
obtain a meat gel. 

The properties of the resultant gels are shown in the 
following Table 12. 

TABLE 14 
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TABLE 15-continued 



Treating conditions 



Pl^A (pH 6.0; 50- C; 4 hr). 
PL-D R2 (20 units), pH 6.0; W C 
PL-A (20 units), pH t.0; SO' C; 4 
No enzyme; pH 6.0; SO' C; 4 hr 



On each occasion, mayonnaise was prepared by using 
the above-mentioned sample of the aqueous solution 
and the materials shown in Table 9. The results are 
shown in Table 16. 



H-Hirdness (X 10* dyne/cm'); 



ais of the hwdeess obtained by naag Sunple Nc 



DE(n 



Mintruled; 
A.Conversian nl 



It was observed that the hardness of No. 1 was higher 
thas the corresponding values of Nos. 3 and 4, whilst 
the hardness of No. 2 was the highest. 

^° EXAMPLE 11 

Aqueous solutions of enzyme-treated yolk shown in 
the following Table IS were prepared in a similar man- 
ner to that described in Eitample 9 except the samples 
35 containing the following enzymes: 
Sample 1 (PL-D Rl 5 units), 
Sample 2 (PL-D Rl 5 units and PL-A 10 units), 
Sample 3 (PL-D R2 20 units) and 
Sample 4 (PL-A 10 units). 
^ On each occasion, the solution was treated in a simi- 
lar manner to that described in Example 3 to obtain a 
gel. The results are shown in the following tables. 
TABLE 17 

4S Sample A B 



This table indicates that, by using an aqueous solution 
of enzyme-treated egg yolk, the gel-strength of the 
product was significantly increased. 

EXAMPLE 10 

On each occasion, an aqueous solution of egg yolk 
(500 ml; 70% w/w) was used to obtain the following 
samples: ^ 
Sample 1 containing PL-D Rl; 
Sample 2 prepared by adding PL-D Rl, followed by 

adding Lecitase (PL-A) 4 hours later; 
Sample 3 containing PL-D R2; 

Sample 4 containing Lecitase (PL-A); ^ 
Sample 5 without addition of enzyme. 

The reaction conditions and the results are shown in 
the following Table 15. 

TABLE 15 



B Treating conditions 

0 PL-D Rl (6.25 units); pH 6.0; 50* C, A 
93 PL-D Rl <6.25 units); PL-A (20 units): 
PL-D Rl (pH 6.0; 50* C; 8 hr); 



It was observed that Sample I is better than Samples 
3 and 4, while Sample 2 is the best with respect to hard- 
ness, breaking load and breaking deformation. 
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EXAMPLE 12 
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manner to that described above to obtain an aqueous , 
solution of yolk treated with the enzymes. The product 
was designed as Sample No. 1. 

Separately, soyabean phosphatidyl choline (10 g) was 
dispersed in water (500 ml). PL-D Rl (500 unit) was 
added to the material to carry out the reaction at a 
temperature of 50* C. for 12 hours. The PL-A (Lccta- 
nase; 1000 unit) was added to the resultant solution to 
— ' " . , • r carry out a ftirther reaction at a temperature of 65* C. 

shown in Table 19. The resultant aqueous ^uUon of ,o ^f,„ completion of the second re«:tion. 

m a sum^ar manner to that described m ^ freeze^ed. THe dried mate- 



On each occasion, to an aqueous solution of egg yolk 
(500 ml; 70% w/w) was added PL-D Rl, PL-A or a 
mixture of PL-D Rl and PL-A in the activity unit 
shown in the following Table 17. The mixed solution 
was adjusted to a pH of 6.0 and treated at a temperature 
of 50' C. for 4 or 8 hours to obtain an aqueous solution 
of enzyme-treated yolk, of which conversion ratio is 



yolk was treated in _ _ 

Example 3 to obtain a gel, of which physical character- 
istics are shown in Table 19. 

TABLE 19 




H-HirdnciS ( X 10* dyne/cm'); 
L-Breikint lud (e): 
DE-Bretlung defomulion (nin){ 



the resultant solution was freeze-dried. The dried mate- 
rial was dissolved in n-hcxane (100 ml). The solution 
was ccntrifuged to remove precipitates. After removal 
. 5 of n-hexane, the material was dispersed in water (200 
ml) and freeze-dried to obtain a sample of lysophospha- 
tidic acid (LP A) 

To a similar aqueous solution of yolk was added the 
resultant LPA in an amount of 50 mol % calculated on 
20 the basis of the total amount of PC and PE to obtain a 
product designed as Sample No. 2. 

On each occasion. Sample 1 to 2 was used to prepare 
a gel in a similar manner to that described m Example 3. 
The physical properties of the resultant gels are shown 
25 in the following Table 21. In this table, Sample No. 3 
denotes a gel produced without the use of enzyme, 

TABLE 21 



TB-Re»ction time (hour) of PL-A, 

This table indicates that modified egg yolks having 
different properties may be obtained by changing the 
conversion ratios (mol %) of PL-D Rl and PL-A. 

' 35 H,LuidDE-SeeTible20. 

EXAMPLE 13 

PL-D Rl (2 units) was added to a solution of whole These results indicate that heat-gel forming proper- 
egg. The mixed solution was adjusted to a pH of 6.0 and ties of egg yolk may significantly be improved by treat- 
treated at a temperature of 50' C for 4 hours. PL-A (5 ing lipoprotein with PL-D and PL-A according to the 
units) was added thereto. The solution was then treated 40 present invention. It was difficult to obtain egg yolk 
at a temperature of SO' C. for 4 hours to obtain an aque- having increased gel-forming ability merely by adding 
ous solution of whole egg treated with the enzymes. the corresponding LPA to untreated egg yolk. 
The solution was used to obtain a sample gel in a similar cvAirmc i« 
manner to that described in Example 3. Separately a EXAMPLE 15 
control gel was prepared in a similar manner to that 45 ^„ aqueous solution of egg yolk (500 ml; 70% w/v), 
described in Example 3. PL-p rj (7 ^f^) and PL-A (2 units) was treated in a 
The physical properties of the gels are shown m the manner to that described in Example 13 to ob- 



following Table 20. 



TABLE 20 



ioby PL-A0bo1%); 



These results indicate that gel strength of whole egg 
can significantly be improved according to the present « 
invention. 

EXAMPLE 14 

To an aqueous solution of yolk (500 ml; 70% w/v) 
was added PL-D Rl (7units). After adjusting to a pH of 65 
6.0, the mixed solution was treated at a temperature of 
50' C. for 4 hours. To the treated solution was added 
PL-A (20 units). The mixture was treated in a similar 



tain an aqueous solution of egg yolk treated with the 
enzymes. The resultant solution was then used to pre- 
pare a meat gel in the following manner. 

Sodium chloride (0.5 g) and the aqueous solution of 
enzyme-treated yolk (20 g) were added to a mined ham 
(100 g) and mixed for S seconds by using a food cutter 
for home use, followed by further mixing using a mixer 
under reduced pressure. Tlie resultant mixture was put 
into a casing and heated at a temperature of 70* C. for 20 
minutes to obtain a meat gel. 

Separately, a control meat gel was produced in a 
similar manner to that described above using an aqueous 
solution of yolk without using the enzymes. 

A creepmeter and a plunger having a diameter of S 
mm were used to measure the breaking load and break- 
ing deformation. The results are shown in Table 22. 

TABLE 22 
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TABLE 22-continued REFERENCE 2 

A B L DE Carrot (1 kg) was washed with water, treated with a 

0 0 355 3.1 mijter and homogenized (10,000 r.p.ni./5 min.) while 

— — J cooling with ice. The resultant solution was fUtered 

y PL-D (ooi «): using a gauze to give a filtrate. The filtrate was centri- 

iMjooveraon noo oy fUA (moi «): fugcd (10,000 r.p.m./30 min.) to obtain a crude solution 

L •»! de-sm T.bit 20. carrot P-LD (10 units/ml) in the form of a supema- 

Further, a meat gel was prepared in the following '^^g claim' 

^"^^^^ . _, . . .J J J' ui™ j„ 1. A process for improving the heat gelation proper- 

To a mmced ham ( 00 g) w^ added sodium cUonde P ^ ^ comprises treattag egg 
(3 g). Polygon (0.5 g), 5% sodium mtnte (0.5 ml) and ^f^ ^ ^^^^^ ^ a^hospholipase D 
the aqueous solution of yolk treated with the enzymes ^^^^^ ^^^^ ^ ^^^^ phosphoUpase D-generating 
(30 g). After mixmg for 30 seconds usmg a food cutter nricroorganism selected from the group consisting of 
for home use, followed by removal of air for 30 seconds ^^^^^ Streptomyces, Bacillus, Nocardiopsis, Mi- 
using a mixer under reduced pressure, the resultant cromonospora, Nocardia. Brevibacterium, Actinom- 
mixture was put into the casing and heated at a tempera- Saccharomyces, to convert phospholipids 
tore of 70' C. for 20 minutes to obtain a meat gel used contained in said egg yolk into phosphatidic acid, 
for control purpose. 2. The process according to claim 1, in which said 

The physical properties of the sample gel and control egg yolk fiirther comprises egg white, 

gel are shown in Table 23. 3. The process according to claim 1, in which said 

TABLE 23 *8g yolk is in an aqueous solution. 

• 4. The process according to claim 1, in which the 

^ " r — amount of phosphoUpase D is from 0.5 to 1000 unite per 

Sample 60 23 723 7.4 ( g of the total Of phosphatidyl choline and phosphati- 

° ° dyl ethanolamine contained in said egg yolk. 

Naies: 5. The process according to claim 1, in which said 

A.m — ™i„ hv PI ,n f™i «v microorganism is Streptomyces lavendulae QFO 3125). 



Lra(iDE-s«eT»bie20. 6. The process according to claim 1, in which said 

egg yolk is further treated by contacting said egg yolk 
It was observed that the sample exhibited better with an effective amount of a phosphoUpase A in corn- 
breaking load and breaking deformation than that of the bination with or after the treatment with the phospholi- 
control gel. pase D to convert said phosphatidic acid into lyso-phos- 

phatidic acid. 

REFERENCE 1 35 7 process according to daim 6, in which the 

A medium (15 1; pH 7.0) containing glycerol (2%), effective amount of said phosphoUpase A is from 0.5 to 
peptone (2%), potassium nitrate (0.2%), potassium di- 1000 units per 1 g of the total of phosphatidyl choUne 
hydrogen phosphate (0.05%), magnesium sulfate and phosphatidyl ethanolamine contained in said egg 
(0.05%), sodium chloride (0.05%) was put into a jar ^ yolk- 

fermentor having a capacity of 301. The medium was ^ «• The Process according to claim 1 or 6 wherem an 
sterilized at a temperature of 120' C. for 20 hours. ftcUvt amount of an edible compound having a hy- 

Separately, Streptomyces lavendulae IFO 3125 was droxy roup is added to said egg yoUc either prior to or 
cultured at a temperature of 28' C. for 20 hours using a simultaneously with the phosphoUpase D and/or phos- 
medium having the same composition as above to ob- P^^'^ ^ treatment. 

tain a seed 9. The process accordmg to clami 8, m which the 

The seed (500 ml) was transferred to a similar main ^^P°^f having a hydroxy group is selected from 
medium for Lunn; at a temperat.e of 2J C. for 20 ^s^; ^ Sr«=r^S ^^rOr^^"''' 

'^^"-^ 'T",f ^ 't""-^- W- The pr^ accor<Ung to claim 1 or 6, in which 
About 20 hours after the begmning of culturmg a high- 50 ^ i,g^tgj ^ a temperature of from 5' to 

est enzymatic activity (1.2 U/ml) of the cultured broth y^. and at a pH of from 2 to 9 for a period of from 1 
was noted. minute to 20 hours. 

AflerremovaloftheceUsfromtheculturedbroth(15 ^ ^ foodstuff comprising the improved egg yolk 
1) by centnftigation (10,000 r.p.m./10 mm), the supema- prepared according to the process of claim 1 or «. 
tant (15 1) was concentrated under reduced pressure to 55 12. In a process for the preparation of a foodstuff 
3 1, to which was then added ethanol (3 1) to remove having an emulsifier and comprising a heat processing 
precipiUte. After fiirther addition of ethanol (7 1), the g^p, the improvement comprising the use of the egg 
concentrated solution was allowed to stand for removal yolk prepared according to claim 1 or claim 6 as said 
of tiie supernatant. The resultant precipitate was dis- emulsifier. 

solved in 50 mM tris— HCl buffered solution (1 1; pH do 13. In a process for the preparation of a foodstuff, said 
7.5). The solution was dialized against a buffered solu- process comprising a heat gelation step, the improve- 
tion (15 1) having the same composition to remove low ment comprising the use of the egg yolk prepared ac- 
molecular weight impurities. The dialized solution was cording to claim 1 or claim 6 as a heat gelation agent, 
concentrated and purified by chromatography using a 14. In a process for the preparation of emulsions com- 
gel filtrating agent (Sephadex G-lOO, commercial prod- 65 prising water and oil phases, the improvement compris- 
uct of Pharmacia Fine Chemicals AB, Sweden) to ob- ing the step of using the improved egg yolk prepared 
tain an enzyme preparate which yielded an activity of according to claim 1 or claim 6 as an emulsifying agent. 
75%. ..... 



